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E\&,9,7(&DOORZV WRDFFXUDWHO\UHSURGXFHYDULRXVVHQVRU IXQFWLRQV WRVLPXODWHHDFKSDUWRIDVHQVRU
DQG WR FDUHIXOO\ VWXG\ WKH LPSDFW RI HDFK SDUDPHWHU *UX\HU	 DO 7KHPRVW GHWDLOHG DQGPRVW
LPSRUWDQWRI WKHVH VHQVRUPRGHOV LV DUJXDEO\ WKHRSWLFDOFDPHUDPRGHO7KHDLPRI WKLV VLPXODWRU LV WR







EDVHG RQ WKH YLUWXDO RSWLFDO PRGHO RI 3UR6L9,& KDV EHHQ SHUIRUPHG $ FRPSDULVRQ EHWZHHQ WKH
UHFRUGVRIWHVWSDWWHUQVE\UHDODQGYLUWXDOVHQVRUVKDVWKHQEHHQFDUULHGRXW,QWKHSUHVHQWZRUNZHKDYH
FKDUDFWHUL]HGRSWLFDOVHQVRUVE\IRFDOOHQJWKGLVWRUWLRQYLJQHWWLQJDQGOLQHDULW\VHQVRU7KHSULQFLSDODLP
RI WKLV SDSHU LV WR YDOLGDWH WKH RSWLF UHDOLVPRI WKH 3UR6L9,&FDPHUDPRGHO IRU D IXWXUH XVH LQ WKH
DFWLYHVDIHW\GRPDLQ7KHSDSHULVRUJDQL]HGDVIROORZV$IWHUDVKRUWLQWURGXFWLRQLQ6HFWLRQ6HFWLRQ
GHVFULEHVWKHH[SHULPHQWDOVHWXSXVLQJDVHWRIFDOLEUDWHGSDWWHUQVDQGWKHRSWLFDOV\VWHPVFKDUDFWHUL]HG
6HFWLRQ  SUHVHQWV WKH SK\VLFDO SKHQRPHQD ± IRFDO OHQJWK GLVWRUWLRQ YLJQHWWLQJ DQG VHQVRU OLQHDULW\
)LQDOO\LQ6HFWLRQWKHUHVXOWVLOOXVWUDWLQJWKHUHDOLVPRIWKHVRIWZDUH3UR6L9,&DUHGLVFXVVHG
7KHVLPXODWLRQIUDPHZRUN3UR6L9,&
3UR6L9,& PRGHOV D YLUWXDO URDG HQYLURQPHQW *UX\HU 	 DO  LQFOXGLQJ WKH YHKLFOH WKH
LQIUDVWUXFWXUHDQGWKHVHQVRUV±FDPHUDVOLGDUUDGDUDQG*367KHPDLQIRFXVRIWKLVWRROLVWRSURYLGHD
QXPHULFDO IUDPHZRUN IRU VHQVRUEDVHG HPEHGGHG V\VWHPV¶ SURWRW\SLQJ ZLWK UHVSHFW WR WKHLU SK\VLFDO
FDSDELOLWLHV DQG ZLWK WKH DLP WR SURYLGH LQWHUDFWLYH VLPXODWLRQ RI HQYLURQPHQWDO EHKDYLRXU FKDQJHV
LQFOXGLQJ ZHDWKHU FRQGLWLRQV PRYLQJ REMHFWV LQIUDVWUXFWXUHV RU RWKHUV G\QDPLFV HYHQWV ,QGHHG WKH
GHVLJQDQGWKHGHYHORSPHQWSKDVHVRIGULYLQJDVVLVWDQFHGHYLFHVJHQHUDOO\UHTXLUHVWRFROOHFWGDWDWKURXJK
YHKLFOHV HTXLSSHG ZLWK DQ HPEHGGHG DUFKLWHFWXUH RI SHUFHSWLRQ DQG FRQWURO  FRPPDQG V\VWHPV




HQJLQH ZDV GHVLJQHG DV D ' HQJLQH RQWR ZKLFK DUH DGGHG G\QDPLF ³SOXJLQ´ FRPSRQHQWV 7KHVH
FRPSRQHQWVPD\EHVHQVRUVG\QDPLFPRGHOVRURWKHUVLPXODWLRQDFWRUV7KHDGRSWHGDSSURDFKKDVWKH
PDLQ DGYDQWDJH RI DOORZLQJ HDV\ GHYHORSPHQW RI QHZ VHQVRUPRGHOV IURP WKH UHQGHULQJ VWDJH WR WKH
VHQVRU LQWHUQDO WUDQVIHU IXQFWLRQ VLPXODWLRQ FDQ LQ WKLV ZD\ EH SHUIRUPHG IRU VHQVRUV VXFK DV RSWLFDO
FDPHUD UDGDU *36 LQHUWLDO QDYLJDWLRQ V\VWHP WKDQNV WR GHGLFDWHG UHQGHULQJ DQG VSHFLILF VHQVRU
PRGHOV,QWKHSDUWLFXODUFDVHRIRSWLFDOUHQGHULQJDVLPSOH'JUDSKLFVHQJLQHLVQRWVXIILFLHQWWRHQVXUH
UHDOLVPIURPWKHFDPHUD¶VSRLQWRIYLHZ6SHFLILFDGDSWLYHUHQGHULQJPHFKDQLVPVKDYHEHHQDGGHGWRWKH
' VLPXODWLRQ HQJLQH +LEORW	 DO  WKHVH PHFKDQLVPV DOORZ D VFDODEOH DSSURDFK WR PRGHO WKH
RSWLFDO FDPHUD LQSXW IURP WKHPRVW HIILFLHQW UHQGHULQJPHWKRG WRPRUH DFFXUDWH VKDGRZ DQG OLJKWLQJ
FRPSXWDWLRQ LQFOXGLQJ+LJK'\QDPLF5DQJH FRPSXWDWLRQ)XUWKHUPRUH WKH VLPXODWLRQ HQJLQH DFFHSWV
UHQGHULQJ SOXJLQV WKDW FDQ LQGHSHQGHQWO\ EH DFWLYDWHG WR VLPXODWH SK\VLFDO HIIHFWV DQG LPSURYH
VLPXODWLRQDFFXUDF\
3UR6L9,&ZDVGHVLJQHGWREHDPRGXODUSODWIRUPLQWKHVHQVHWKDWLWPD\EHDGDSWHGDQGXVHGIRUD
JUHDW QXPEHU RI DSSOLFDWLRQV 6XFK DSSOLFDWLRQV PD\ JR EH\RQG URDG VDIHW\ WKH SK\VLFDO PRGHOV
GHYHORSHGDOVRFRYHUWKHILHOGVRIDXWRPRWLYHVHFXULW\DQGDHURQDXWLFVLQGXVWULHV
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,QWKLVDUWLFOH WKHWHUP³ODERUDWRU\VHWXS´GHVFULEHVWKHURRPZKHUHWKHFKDUDFWHUL]DWLRQWDNHVSODFH
7KHVHZDOOV DUHPDWWHEODFN WR OLPLW WKH HIIHFWV RI HQYLURQPHQWDO LQWHUUHIOHFWLRQV ,Q WKH IROORZLQJ WKH







7KH ILJXUHV D DQG E UHVSHFWLYHO\ UHSUHVHQW WKH UHDO DQG WKH VLPXODWHG ODERUDWRU\ VHWXS LQ 3UR
6L9,&7ZRSDLUVRI LOOXPLQDQWV 7XQJVWHQZLWKDSRZHURI: OLJKW WKH WDUJHWDVXQLIRUPO\DV
SRVVLEOH$FFRUGLQJ WR WKH VWDQGDUG ,62 WHVW WDUJHWV VKRXOG EH LOOXPLQDWHG DW DQ LQFLGHQW DQJOH
DERXWGHJUHHV7RFRQILUPWKHXQLIRUPLW\RIWKHLOOXPLQDWLRQDPHDVXUHPHQWRIWKHLOOXPLQDWLRQRQWKH








LV P ORQJ DQG PZLGH7KH VSRWV DUH DOLJQHG DQG VHSDUDWHG E\ D GLVWDQFH RI FP
(DFKVSRWKDVDGLDPHWHURIFP7KHWROHUDQFHIRUWHVWWDUJHWVLVLQWKHUDQJHRIPPRQWKH
GLDPHWHUDQGWKHSRVLWLRQRIWKHVSRWV
x 7KH ³UHWUROLJKWLQJ FKDUW´ LV XVHG IRU WKH WRQH FXUYH OLQHDULW\ VHQVRU 7KLV FKDUW LV D
WUDQVPLVVLRQ FKDUW FRQWDLQLQJ  VSHFWUDOO\ QHXWUDO JODVVHV RI GLIIHUHQW GHQVLW\ 7KH GHQVLW\

































$PL[WXUH RI ERWK W\SHV VRPHWLPHV UHIHUUHG WR DV FRPSOH[ GLVWRUWLRQ LV OHVV FRPPRQEXW QRW UDUH ,W
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7KH WRQH FXUYH LV FKDUDFWHUL]HG E\ WKH JUH\ OHYHOV DV D IXQFWLRQ RI WKH QXPEHU RI SKRWRQLF FKDUJHV
UHFHLYHG E\ WKH VHQVRU QRUPDOL]HG E\ WKH QXPEHU RI FKDUJHV QHFHVVDU\ WR VDWXUDWH WKH VHQVRU 7KLV










x 1DWXUDO YLJQHWWLQJ LV LQKHUHQW WR HDFK OHQVGHVLJQ DQGEHFRPHVPRUH WURXEOHVRPH IRUZLGH
DQJOHOHQVHV,WLVDVVRFLDWHGZLWKWKHFRVODZRILOOXPLQDWLRQIDOORII
x 2SWLFDO YLJQHWWLQJ LV FDXVHG E\ WKH SK\VLFDO GLPHQVLRQV RI D PXOWLSOH HOHPHQW OHQV 5HDU
HOHPHQWV DUH VKDGHGE\ HOHPHQWV LQ IURQW RI WKHP7KH UHVXOW LV D JUDGXDO GHFUHDVH LQ OLJKW
LQWHQVLW\WRZDUGVWKHLPDJHSHULSKHU\




x $Q DQJOH RI LQFLGHQFH RI OLJKW UD\V WKDW LV WRR VWURQJ WRKLW WKH ERWWRPRI SKRWRQZHOOV RQ
&&'DQG&026VHQVRUV7KLVLVNQRZQDV³SL[HOYLJQHWWLQJ´
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)LJXUHVKRZV WKHSLFWXUHVRI WKH WHVW WDUJHWVJLYHQE\ WKUHHUHDODQGVLPXODWHGRSWLFDOV\VWHPV ,Q WKH
RUGHU GRZQZDUG DUH LOOXVWUDWHG WKH SLFWXUHV REWDLQHG IURP63&1&ZHEFDP&00&/ VHQVRU





7KH LPDJH DFTXLVLWLRQ RI WKH FKDUWV SHUIRUPHG IRU HDFK RSWLFDO V\VWHP DOORZHG WR FKDUDFWHUL]H IRFDO
OHQJWK GLVWRUWLRQ YLJQHWWLQJ DQG WRQH FXUYH 7R FRPSOHWH WKLV ZRUN WKHVH FDPHUDV KDYH WKHQ EHHQ
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&RQVLGHULQJWKHXQFHUWDLQWLHVDJRRGFRQFRUGDQFHEHWZHHQWKHYDOXHVSURYLGHGE\WKHPDQXIDFWXUHUDQG
WKHPHDVXUHGRQHV LV REVHUYHG7KH VDPHDQDO\VLV LV GRQHRQ WKHSLFWXUHVREWDLQHG IURP WKH VLPXODWHG
VHQVRUV7KHIROORZLQJWDEOHVKRZVWKHUHVXOWVIRUWKHUHDODQGVLPXODWHGRSWLFDOV\VWHPV7KHDQDO\VLVRI
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